ABSTRACT
or sharp penetrating object or stabbing injuries, which can be easily overlooked. It is difficult to make the diagnosis when specific symptoms and radiological signs are absent. Sometimes, laparotomy operations performed years after sharp penetrating object injuries may incidentally detect diaphragmatic hernias. [1] Isolated penetrating diaphragmatic injuries rarely causes clinically overt symptoms and prominent radiological signs because they usually give rise to small diaphragmatic tears with a size of only 1 to 4 cm. In cases managed conservatively, missed diaphragmatic injuries may lead to serious diaphragmatic hernias and associated life-threatening complications over time. Mortality rates of visceral herniation and strangulation reportedly range between 30% and 60%. Various
INTRODUCTION
Diaphragmatic injuries may occur via blunt or penetrating trauma. Penetrating traumas are caused by firearm injuries imaging studies including chest X-Ray, ultrasonography, CT, and MRI are used to diagnose diaphragmatic injuries. In emergency departments; however, CT is regarded as the imaging test of choice owing to its ability to rapidly detect even small defects with the help of multiplanar reconstruction images. [2, 3] There are only a few studies that have specifically focused on diaphragmatic injuries caused by sharp penetrating objects. This study, by retrospectively reviewing MDCT scans, aimed to determine the diagnostic efficacy of multidetector computed tomography (MDCT) for diaphragmatic injuries in patients presenting with left thoracoabdominal penetrating sharp object injury in which diaphragmatic injury was evaluated by laparoscopy. The presence of a diaphragmatic defect, other organ injuries accompanying diaphragmatic injury, and some CT signs specific to diaphragmatic injuries previously described in the literature were sought for.
MATERIALS AND METHODS
The ethics committee of our hospital approved this retrospective case-control study and waived the requirement for informed patient consent.
Patients
This study retrospectively reviewed the medical records of one undred and eight patients who had a left thoracoabdominal sharp penetrating object injury and underwent a CT among patients presenting to the Trauma and Emergency Surgery Unit with penetrating trauma between April 2010 and December 2014. Right thoracoabdominal injuries (not surgically intervened), hemodynamic instability, urgent surgery for accompanying injuries, and patient refusal of surgery, who have left thoracoabdominal injuries were the exclusion criteria. Patients presenting to our hospital were examined according to the advanced trauma life support protocol. [4] All patients were applied tetanus prophylaxis. The patients were grouped into three groups based on the injured body region: All skin incisions were primarily sutured after the first examination. Patients without symptoms, hemodynamical instability, or a need for urgent surgery for accompanying injuries were admitted to hospital. After a mean of 48 hours of monitoring, patients were evaluated for diaphragmatic injury. Patients with intraabdominal solid organ injury were operated on between fourth and fifth days, and six of them were applied thoracoscopy.
Evaluation Methods and Diagnostic Techniques
• Physical examination -leucocyte counting: Patients with a high likelihood of simultaneous intraabdominal organ injury were followed with close monitoring and serial physical examinations. After hospital admission, leukocyte counting and serial physical examinations were performed at every four hours. • Diagnostic laparoscopy: It was applied in lower thoracic injuries to exclude the possibility of diaphragmatic injury when laparotomy was not indicated. • Diagnostic thoracoscopy: It was applied in lower thoracic and splenic injuries to exclude the possibility of diaphragmatic injury when laparotomy was not indicated.
• Diagnostic single-port laparoscopy: It was applied in left thoracoabdominal injuries as an alternative to diagnostic laparoscopy to exclude the possibility of diaphragmatic injury • Imaging studies: Chest X-Ray, Abdominal Ultrasound (FAST), MDCT • MDCT protocol: Admission thoracoabdominal MDCT was performed on a 16 (Brilliance 16; Philips Medical Systems, Eindhoven, Netherlands) or 64 (Aquilion 64; Toshiba Medical Systems, Otawara-shi, Japan) slice CT system. As the CT device used for imaging of the study subjects was replaced by a new one during the study period, the imaging studies were done with two different devices. Body regions from the level of thoracic inlet to symphysis pubis were scanned. Oral and IV contrast materials were routinely administered unless there were contraindications. A uniphasic injection of 100-120 ml of contrast agent at a rate of 2-3 ml/s was given to the patients, and images were obtained 60-70 s after the start of intravenous contrast medium administration.
• Image interpretation:
The images of the patients were stored in our hospital's picture archiving and communication system (PACS), and they were retrospectively reviewed in thin sections on axial, coronal, and sagittal planes (ExtremePACS,Ankara,Turkey). All CT images were reviewed blind to the surgical results. CT scans of the patients were reviewed and classified into two categories; positive ([+]; injury was detected), negative ([-]; no injury was detected). The study was considered positive when the defect was directly visualized, when herniation of an intraabdominal organ or fatty tissue was observed, or when contiguous injuries extending to both sides of diaphragm along the injury tract were present. Additionally, each patient was also evaluated for the signs accompanying diaphragmatic injury including pericardial effusion, hemothorax, pneumothorax, lung parenchymal injury, rib fracture, hepatic, splenic, or pancreatic injury, gastric or intestinal injury, intra or retroperitoneal free air, intra or retroperitoneal hematoma, subcutaneous emphysema, and intraluminal or intravascular contrast extravasation.
Statistical Analyses
Demographic properties, trauma localization, laboratory results, physical examination findings, diagnostic study results, treatment plans, and complications were recorded on a database. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) levels of CT for detection of diaphragmatic injuries were compared with those of laparoscopy that is considered the reference method. The relationship between diaphragmatic injuries and other associated signs was explored using the Chi-square test. All statistical analyses were performed using the SPSS 21.0 statistical package (SPSS, Inc., Chicago, IL, USA). A p value of <0.05 was considered statistically significant.
RESULTS
One hundred and two patients were male, 6 of them were female. Mean age of the study population was 29 years (range, 12-61 years). Twenty-three of the 95 cases undergoing diagnostic laparoscopy had diaphragmatic injury that was laparoscopically repaired. One of the 7 cases undergoing single-port diagnostic laparoscopy was detected to have a diaphragmatic injury that was primarily repaired (Fig. 1a-c) . Of the 6 patients undergoing diagnostic thoracoscopy, one had diaphragmatic injury that was repaired with thoracoscopy. The most common physical examination findings were anterior and lateral injuries (Fig. 1d, e) . Mean duration of hospital stay was 5.4 days (range, 1-16 days). No significant correlation was found between injury region and the presence of a diaphragmatic injury. The injury regions and CT findings were presented in Table 1 .
CT scans revealed intraabdominal solid organ injury in four- teen cases, of which 4 had grade I-II hepatic left lobe injury, 1 had grade III hepatic injury, 2 had grade III splenic injury, 3 had grade II splenic injury, 1 had grade IV splenic injury, 2 had grade I-II left kidney injury, and 1 had pancreas injury; six of them underwent thoracoscopy. A urinalysis was ordered in twentyseven cases with left posterior thoracic injury. Five patients had hematuria, of which one was macroscopic (grade-II left kidney injury). A repeat urinalysis test 12 hours after the initial test was normal in the other four patients. These additional traumas increased the duration of hospital stay.
The dependent viscera sign was not observed in any patient. Eighteen patients had discontinuous diaphragma sign while dangling diaphragma sign was not observed in any patient. The diagnosis of diaphragmatic injury was confirmed by surgery in all cases with a MDCT clearly showing a diaphragmatic defect. A false positive result was obtained in four cases. Three out of them were with suspected diaphragmatic discontinuity and one had thickening of the diaphragm on CT.
Focal thickening was present in eight cases, of which only three had confirmed diaphragmatic injury (Fig. 2) . Six cases had intraabdominal fatty tissue herniation through a clearly visible diaphragmatic defect, although no case of solid or hollow organ herniation was seen. Only two cases had mesenteric fatty tissue herniation and associated collar sign. All of the six cases with intraabdominal fatty tissue herniation had laparoscopically confirmed diaphragmatic defect (Figs. 3, 4) . Twenty-four cases had contiguous injury, in 17 of which a diaphragmatic injury was confirmed. Considering all CT signs combined, CT had a sensitivity of 80% (95% CI: 59%-93%), a specifity of 95% (95% CI: 88%-99%), a PPV of 83% (95% CI: 63%-95%), NPV 94% (95% CI: 87%-98%) ( Table 2 ).The most common finding accompanying diaphragmatic injury was hemopneumothorax; whereas, the least common findings were retroperitoneal free air, and hematoma (Table 3) .
DISCUSSION

Management of patients with minimal or asymptomatic left thoracoabdominal penetrating injuries is still a difficult task
İlhan et al. Role of computed tomography in detecting penetrating diaphragmatic injury for trauma surgeons working in emergency departments. Although there is no doubt that surgical intervention is needed in case of hemodynamic instability or peritoneal irritation, deciding whether diaphragmatic injuries are present is currently the main challenging task in penetrating thoracoabdominal injuries. A surgeon should promptly decide upon the need for surgery and the diagnostic procedure to be used in a patient with penetrating thoracoabdominal injury. The aim of diagnostic approach is to reduce the rate of unnecessary operations and not to miss the necessary ones. Studies have shown that physical examination can predict laparotomy need in an accurate and reliable manner. [5, 6] After application of the standard resuscitative approach as the initial approach in all patients, our diagnostic algorithm used leucocyte counting, serial physical examinations, and other tests to exclude additional intraabdominal pathologies. In this algorithm, the emergence of the signs of diffuse peritonitis was considered a reliable sign for the decision on laparotomy, as also suggested by other studies. [7, 8] Diagnostic laparoscopy is currently used not only for diagnostic purposes, but also for therapeutic purposes. [9] [10] [11] Despite its limited role in anterior abdominal injuries, diagnostic laparoscopy is a suitable method for laparoscopic assessment and intervention in thoracoabdominal penetrating injuries. [12] We prefer performing diagnostic laparoscopy to detect diaphragmatic injuries in all patients with left thoracoabdominal injuries. In our study, twenty-three of the 95 patients undergoing diagnostic laparoscopy were diagnosed with diaphragmatic injury that were laparoscopically treated. One of the seven patients undergoing single-port diagnostic laparoscopy was detected with diaphragmatic injury that was primarily treated.
Thoracoscopy can be used for diagnostic and therapeutic purposes by experienced surgical teams in selected cases with penetrating trauma. [13] One of the 6 patients undergoing diagnostic thoracoscopy was diagnosed with diaphragmatic injury that was laparoscopically treated.
Despite being regarded as the most valuable imaging modality for diagnosing diaphragmatic traumas, diagnostic role of CT is still flawed by some difficulties. The sensitivity and specificity of CT for the diagnosis of diaphragmatic rupture are 61% to 87% and 72% to 100%, respectively. [3] Previous studies have reported various CT signs facilitating the diagnosis of diaphragmatic injuries. Discontinuous diaphragm sign, thickening of the diaphragm, hypoattenuated diaphragm, dependent viscera sign, dangling diaphragm sign, collar sign, contiguous injury sign, sinus cut-off sign, and diaphragmatic/peridiaphragmatic contrast extravasation are the well-defined CT signs of blunt and penetrating traumas. [2, 3, 14] Identification of these signs would provide valuable information in the diagnostic process. Most previous studies contained patient populations focused on blunt traumas or mixed series. However, the pathophysiolgies of blunt and penetrating traumas are markedly different, and radiological features may be different.
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[14] It should be remembered that signs like collar sign, dependent viscera sign, and organ herniation are more common in larger defects and blunt traumas with concurrent intraabdominal pressure increase (in contrast to stab wounds). Among these signs, only the collar sign was observed in two cases in our study, which included only left-sided thoracoabdominal injuries. Six patients had intraabdominal fatty tissue herniation of variable amounts.
In trauma patients, diaphragmatic thickening may occur due to muscle edema or intramuscular hematoma. [2] We observed that focal or diffuse diaphragmatic thickening had a low sensitivity and specificity for the detection of diaphragmatic injury. It has also previously been reported that this was a non-specific sign for penetrating traumas. [2] This may be attributed to possible differences in diaphragmatic thickness in its different regions, as well as possible variability in its appearance in different subjects. [14] In addition, it has been reported that this sign is specific for blunt traumas rather than penetrating traumas. [2, 3] A good agreement was found between CT signs and operative findings in all cases with a clearly visualized defect. A diaphragmatic injury extending to both sides of diaphragm was detected (contiguous injury sign) in seventeen patients with a diaphragmatic defect that was later repaired. In our series, diaphragmatic discontinuity and abdominal fatty tissue herniation were the most specific signs, and the contiguous injury sign was the most sensitive sign.
Although it was not the primary focus of our study, we suggest, based on our experiences, that evaluation of coronal and sagittal plane images would also be useful and increase the likelihood of diagnosis while evaluating diaphragmatic injuries. A retrospective study investigating the efficacy of MDCT in penetrating thoracic trauma reported a higher sensitivity and specifity than previous studies. The sensitivity of CT for exclusion of diaphragmatic injury was reported 94%, which was attributed to imaging with high-resolution reformatted images. [15] That study also reported that the most useful CT finding was "extension of injury tract to diaphragm". Bodanapally et al. have reported that the contiguous injury sign is the most valuable sign (sensitivity, 88%; specificity, 82%) in single-entry wounds. [2] Our study had some limitations. First, it had a retrospective design, which may be considered an important limitation. Second, no inter-observer variability analysis was done since all CT studies were done by the same radiologist.
Conclusion
Despite diagnostic challenges for the examination of penetrating diaphragmatic injuries with CT, a thorough knowledge about the pathophysiology of penetrating traumas, familiarity with CT signs of these injuries, and three-dimensional reconstruction techniques may improve diagnostic accuracy. Our study showed a high specificity and relatively high sensitivity for MDCT in the detection of diaphragmatic injuries. Visualizing a diaphragmatic defect and fatty tissue herniation definitely makes the diagnosis of diaphragm injury. Presence of hemopneumothorax in conjunction with intraabdominal free air-fluid or intraabdominal organ injury supports the presence of a diaphragmatic injury even if a diaphragmatic defect is not clearly visualized. Diaphragmatic injuries in left thoracoabdominal sharp penetrating object injuries can be accurately diagnosed and repaired. However, our study was designed retrospectively in a specific patient population. More prospective studies with larger sample size are needed to better define the diagnostic efficacy of CT in left penetrating thoracoabdominal traumas.
